Best 

Available 

Copy 


w  USAAMRDL  TECHNICAL  REPORT  71-58 

.  ,  ;  CH-47A,  B  AND  C  SERIES  HELICOPTER 

,  a  ROTOR  BLADE  FAILURE  AND  SCRAP  RATE 
<s  DATA  ANALYSIS 


By 

R.  L.  Hunt 


November  1971 

Reproduced  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

Spnngfiold,  Va.  22151 

EUSTIS  DIRECTORATE 

U.  S.  ARMY  AIR  MOBILITY  RESEARCH  AND  DEVELOPMENT  LABORATORY 

FORT  EUSTIS,  VIRGINIA 

CONTRACT  DAAJ02-71-C-0014 
THE  BOEING  COMPANY,  VERTOL  DIVISION 
PHILADELPHIA,  PENNSYLVANIA 


D  D  C 

pV  MAR  30  1372  |j 

j  ULbli3L^:uT  U  Lbliii 
3 


DISCLAIMERS 


The  finding*  in  thi*  report  arc  not  to  be  construed  as  an  official  Depart¬ 
ment  of  the  Army  position  unless  so  designated  by  other  authorized 
documents. 

When  Government  drawings,  specifications,  or  other  data  arc  used  for 
any  purpose  other  than  in  connection  with  a  definitely  related  Govern¬ 
ment  procurement  operation,  the  U.  S.  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the 
said  drawings,  specifications,  or  other  data  is  not  to  be  regarded  by 
implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission,  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way  be 
related  thereto. 


DISPOSITION  INSTRUCTIONS 


Destroy  this  report  when  no  longer  needed.  Do  not  return  it  to  the 
originator. 


Security  Classification 


DOCUMENT  CONTROL  DATA  ■  R  &  D 

(Security  claaeillcation  ot  title,  body  ot  aba  tract  and  lrrto*lng^^ojatlonjmiei_bo_ontorod_whan_tho_o¥orall_rogott_la_claoaltled)_ 
I.  ORIGINATING  ACTIVITY  (Corporate  uuthor)  2a.  REPORT  SECURITY  CLASSIFICATION 

The  Boeing  Company,  Vertol  Division  Unclassified 

Boeing  Center  »».  group 

Philadelphia,  Pennsylvania 

3  REPORT  TITLE 

CH-47A,  B  and  C  Series  Helicopter  Rotor  Blade  Failure  and 
Scrap  Rate  Data  Analysis 


4.  OC  SC  RIP  T  I V  E  NOTES  (Type  ot  report  and  Inclusive  datee) 

Final  Report _ 

B.  au  THORlSl  (Flret  name.  middle  Inlllml,  loot  name) 

R.  L.  Hunt 


6  REPORT  DATE 

November  1971 

•«.  CONTRACT  OR  GRANT  NO 

DAAJ02 -7 1-COO  1 4 

6.  PROJCC  T  NO 

Task  IF162205A1  1901 


7m.  TOTAL  NO.  OP  PACES 
1  16 


7b.  no.  or  reps 
_ 8 


OA.  ORIGINATOR’S  REPORT  NUMBERISI 


USAAMRDL  Technical  Report  71-58 


J9b.  OTHER  REPORT  NOISI  (Any  other  number a  that  may  be  aeelgned 
Ihle  report) 


D210-10340-1 


>  0  DISTRIBUTION  STATEMENT 

Approved  for  public  release:  distribution 

unlimited. 

1l  SUPPLEMENTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

Eustis  Directorate 

U.  S.  Army  Air  Mobility  Research 
and  Development  Laboratory, 

Fori?  Ftra-t  iro - — Virginia - 

This  report  provides  the  results  of  an  analysis  of  failure  data  derived 
from  depot  inspection,  overhaul/rework,  and  scrappage  reports  on  5,488 
rotor  blades  of  the  CH-47  series  tandem  rotor  helicopters.  Two  types 
of  rotor  blades  were  analyzed  for  blade  mean-time-between-removals , 
mean- time -to-removals ,  mean-time-be tween-unscheduled-removals  and 
mean-time-between-scrappage .  Locations  on  these  blades  for  the  major 
discrepancies  were  determined.  Blade  teardown  experience  was  determined 
A  cost  comparison  of  blade  acquisition  costs  versus  the  average  cost 
of  repair/ rework  was  provided. 


■eie  reat  «  e  ■■place*  do  porm  i*t«.  •  j  an  •«.  «micm  h 

DD  ,  «I7..1473  °”ol.t«  fo.  ar-v  u.« 


Unclass 


ecurity  Classification 


t 


Inclassi f led 

Wcwftty  CI>»«UU«lton 


Tandem  helicopter 

Rotor  blade 

Failure  Rate 

Scrap  Rate 

Repair  Data 

Overhaul  Data 

MTBR 

MTTR 

MTBUR 

MTBS 


DEPARTMENT  OF  THE  ARMY 

U.  *  ARMY  Ain  MOBILITY  AIM  A  ACM  A  OCVKLOAMINT  LABOAATOAV 
IUSTIS  DIAKCTOAATC 
FOAT  CUSTIS.  VIAOINIA  33BOA 


The  Eustis  Directorate  of  the  U.S.  Army  Air  Mobility  Research  and  Devel¬ 
opment  Laboratory  is  conducting  a  series  of  design  studies  and  hardware 
evaluations  leading  to  improved  reliability  and  maintainability  (R&M) 
characteristics  for  future  helicopter  rotor  blades.  It  is  intended  that 
design  requirements  will  be  tailored  to  each  aircraft  type  (utility, 
attack,  transport,  etc.)  with  full  consideration  of  operational  environ¬ 
ment  impacts  (combat  damage,  foreign  object  damage,  etc.)  included. 


This  contract  was  awarded  to  analyze  the  operational  R&M  history  of  CH-A7A, 
B,  and  C  model  helicopter  rotor  blades  to  establish  design  considerations 
for  transport  type  aircraft.  The  findings  presented  herein  are  considered 
to  be  most  accurate  and  directly  usable  in  establishing  expected  rotor  blade 
external  damage  rates  for  the  type  of  helicopter  in  question.  Results  of 
this  analysis  will  be  used  for  evaluation  of  advanced  rotor  blade  design 
concepts  currently  being  investigated  under  this  Directorate's  R&M  research 
and  development  program.  This  report  is  published  as  a  parallel  to  the 
USAAVLABS  Technical  Report  71-9,  "UH-1  and  AH-1  Helicopter  Main  Rotor  Blade 
Failure  and  Scrap  Rate  Data  Analysis",  which  presented  data  for  consider¬ 
ation  in  the  design  of  utility  and  attack  helicopter  rotor  blades. 


The  technical  monitor  for  this  contract  was  Major  Vincent  G.  Ripoll, 
Reliability  and  Maintainability  Division,  Eustis  Directorate. 


Task  1F162205A1 1901 
Contract  DAAJ02-71-C-0014 
USAAMRDL  Technical  Report  71-58 
November  1^71 


CH-47A,  B  AND  C  SERIES  HELICOPTER 
ROTOR  BLADE  FAILURE  AND  SCRAP  RATE 
DATA  ANALYSIS 

Final  Report 

D210-10340-1 


Prepared  By 

The  Boeing  Company,  Vertol  Division 
Philadelphia,  Penna. 


for 


EUSTIS  DIRECTORATE 

U.S.  ARMY  AIR  MOBILITY  RESEARCH  AND  DEVELOPMENT  LABORATORY 

FORT  EUSTIS,  VIRGINIA 


Approved  for  public  release; 
distribution  unlimited. 


SUMMARY 


This  report  has  the  purpose  of  providing  the  results  of  an 
analysis  of  failure  data  derived  from  depot  inspection, 
overhaul/rework,  and  scrappage  of  5,488  rotor  blades  of 
the  CH-47  series  tandem  rotor  helicopters.  These  blades 
were  returned  after  RVN  and  CONUS  operations  over  a  time 
period  from  July  1,  1962  through  March  1,  1971,  with  an 
accumulation  of  2,521,734  actual  blade  operating  hours  with 
an  equivalent  accumulation  of  5,679,399  operating  hours  for 
all  blades  in  the  helicopter  fleet. 

Analyses  of  unscheduled  removals,  repair,  overhaul,  and 
scrap  data  were  conducted  on  two  different  types  of  blades. 
Compilation  of  total  quantity  of  blades  investigated  has 
been  provided,  as  well  as  accumulated  time  on  all  blades 
at  removal. 

Analyses  to  determine  the  blade  design  parameters  as  mean- 
time-between-removals  (MTBR) ,  mean- time-to-removals  (MTTR) 
and  mean-time-between-unscheduled-removals  (MTBUR)  have 
been  included.  Results  may  be  compared  for  changes  in 
these  parameters  in  preceding  from  the  early  to  the  later 
model.  Changes  in  these  parameters  can  be  attributed  to 
incorporation  of  engineering  changes,  evolution  of  improved 
manufacturing,  shipping,  handling  and  modified  maintenance 
practices . 

Analyses  to  determine  reasons  for  removals,  repairs  and 
scrappage  as  a  percentage  of  total  blades  removed  and  of 
total  blades  scrapped  have  been  compiled.  Reported  reasons 
for  removal  are  consistent  with  reasons  for  repair  and  for 
scrappage.  Blades  subjected  at  the  manufacturer's  repair 
facility  to  close  detailed  inspection,  disassembly,  or 
repair  for  minor  damage  sometimes  indicated  serious  defects 
as  extensive  water  migration,  exterior  spar  corrosion  and 
similarly  hidden  damages.  Additional  reasons  for  scrappage 
were,  therefore,  discovered.  A  very  minor  quantity  of 
blades  may  be  scrapped  due  to  in-transit  depot  handling 
and  processing  damages.  Analysis  results  for  the  mean-time- 
between-scrappage  (MTBS)  for  both  CH-47A  and  B/C  blades 
have  been  included. 

Conclusions  of  this  analysis  indicate  that  the  later 
CH-47B/C  blades  have  been  designed  to  decrease  the  amount 
of  inherent  discrepancies.  However,  they  are  more  suscep¬ 
tible  to  externally  caused  discrepancies  than  the  CH-47A 
helicopter  blades.  It  is  recommended  that  field  repair 
and  blade  handling  procedures  be  reviewed  for  modifications 
in  line  with  the  results  of  this  report. 
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F< 'REWORD 


This  report  provides  an  analysis  of  rotor  blade  failure  and  scrap  rate 
historical  data  as  reported  on  the  tandem  rotor  helicopters,  CH-47A, 
CH-47B  and  CH-47C.  This  analysis  was  conducted  under  Contract 
DAAJ 02-71-C-0014  (Task  IF  1 62205A  1 190  1 )  for  the  Eustis  Directorate, 
U.  S.  Army  Air  Mobility  Research  and  Development  Laboratory 
(USAAMRDL)  ,  Fort  Eustis,  Virginia. 

USAAMRDL  technical  direction  was  provided  by  Major  Vincent  G. 
Ripoll. 

The  principal  analyst  for  The  Boeing  Company,  Vertol  Division,  was 
Mr.  R.  L.  Hunt,  assisted  by  Mr.  E.  C.  Daley  and  Mr.  J.  J.  Chmura, 
all  of  M&R  Engineering.  Program  management  and  technical  direction 
were  provided  by  Mr.  H.  J  Smith,  Sr.  ,  Product  Support  Engineer, 

Mr.  R.  E.  Spears,  Sr.  ,  Product  Support  Engineer,  Mr.  R.  Hazlett, 
Manager  product  Assurance  R8iD,  and  Mr.  P.  W.  Fiedler,  Unit  Chief 
Reliability  and  Maintainability. 
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INTRODUCTION 


Helicopter  rotor  blade  failure  and  scrap  rate  information 
as  reported  during  depot  rework  is  an  important  source  of 
blade  data.  This  data  may  be  used  analytically  to  determine 
removal  rates  and  mean  removal  values,  to  determine  blade 
scrappage  rates  and  mean  scrappage  values  and  enable  correla¬ 
tion  of  these  rates  and  values  with  the  various  reasons  for 
blade  removal  from  the  helicopter  and  for  subsequent  repair 
or  scrappage . 

The  above  data  was  available,  as  The  Boeing  Company, 

Vertol  Division  has  been  repairing  and  updating  CH-47 
helicopter  rotor  blades  under  a  U.  S.  Army  contract  since 
the  incorporation  of  this  helicopter  into  the  Army  inventory 
in  1962. 

During  the  time  from  1962  through  1970,  the  Vertol  Division 
has  been  the  sole  contractor  for  depot  rework  of  CH-47 
helicopter  rotor  blades.  From  all  data  generated  from  the 
rework  facility  and  from  field  activities,  a  data  system  was 
developed  to  record  utilization,  discrepancies,  failure  modes, 
configuration  control,  and  reason  for  blade  removal/scrappage . 
This  data  has  been  maintained  in  a  usable  format  to  enable 
blade  analyses  to  be  readily  accomplished  at  any  time. 

This  data  has  been  continually  extracted,  reviewed  and  veri¬ 
fied  by  Boeing  Company /Vertol  Division  personnel  who  possessed 
specialized  backgrounds  in  the  fields  of  reliability,  maintain¬ 
ability,  service  engineering,  design,  military/aviation, 
data  analysis  and  military/civilian  overhaul/repair 
facilities.  It  is  from  the  above  data  source  that  this 
CH-47A,  B  and  C  series  helicopter  rotor  blade  failure  data 
and  scrap  rate  data  analysis  has  been  compiled. 
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SCOPE 


The  objective  of  this  effort  was  to  conduct  an  analysis 
of  available  CH-47A,  B  and  C  series  heixcopter  rotor 
blade  failure  and  scrap  rate  data  to  determine  unscheduled 
and  scheduled  removal  rates,  to  develop  mean-time-between- 
removal  values,  to  determine  blade  scrappage  rates,  and  to 
correlate  these  rates  and  values  with  the  various  reasons 
for  removal  and  scrappage. 

This  data  was  derived  entirely  from  depot  level  repair  and 
scrappage  reports  on  two  types  of  rotor  blades  used  on  three 
different  helicopter  models  as  shown  by  Table  I  below. 


TABLE  I.  ANALYZED  ROTOR  BLADES  IDENTIFICATION 

APPLICABLE 

HELICOPTER 

HELICOPTER 

SERIAL 

NUMBERS 

APPLICABLE 
ROTOR  BLADES 
PART  NUMBERS 

CH-47A 

59-4982  & 
Subsequent 

P/N  114R1002 

CH-47B 

66-19098  & 
Subsequent 

P/N  114R1502 

CH-47C 

67-18494  & 
Subsequent 

P/N  114R1502 

The  CH-47A  type  of  rotor  blade  with  a  steel  spar,  fiberglass 
skins,  and  aluminum  ribs  is  constructed  as  a  symmetrical 
airfoil.  The  CH-47B/C  type  of  rotor  blade,  with  a  steel  spar, 
fiberglass  skins,  honeycomb  fillers  and  plastic  end  ribs  is 
constructed  as  a  nonsymmetrical  airfoil.  Due  to  these  major 
design  differences,  the  analytical  effort,  therefore,  treated 
these  two  types  of  blades  independently.  A  detailed  discus¬ 
sion  of  blade  differences  and  how  these  were  treated  in  the 
analyses  is  given  under  analysis  approach,  page  3. 
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ANALYSIS  APPROACH 


This  section  describes  the  preliminary  steps  taken  prior  to 
accomplishment  of  the  analytical  efforts  concerned  with  blade 
removals  and  blade  scrappage. 

The  two  types  of  blade  configurations,  i.e.,  CH-47A  symmetri¬ 
cal  type  and  the  CH-47B/C  nonsymmetrica 1  type,  and  their 
different  installation  locations,  i.e.,  forward  and  aft  rotors, 
have  had  a  bearing  upon  the  extent  of  data  available  for  ex¬ 
traction;  therefore,  these  blade  configurations  and  installa¬ 
tions  are  described  in  detail  herein. 

The  organization  of  the  data  into  a  form  suitable  for  extrac¬ 
tion  of  material  useful  for  the  analyses  contained  in  this 
report  required  the  application  of  a  specific  data  extraction 
process  which  is  discussed  below. 

Certain  data  limitations  exist  for  the  data  reporting  time 
period  investigated.  One  limitation  concerns  the  fact  that 
all  blade  repairs,  overhaul,  and  scrappage  have  been  accom¬ 
plished  at  the  depot  level.  Thus  data  reporting  on  blade 
repairs  and  scrappage  occurred  at  this  level  for  a  total  of 
2,521,734  actual  blade  hours.  During  this  same  interval, 
if  field  level  (organizational  through  general  support 
maintenance  levels)  data  had  been  available,  a  total  of 
5,679,399  blade  operating  hours  could  have  been  used  as  the 
analysis  data  base.  A  second  limitation  is  the  possible  loss 
of  data  due  to  unusual  incidents.  A  third  limitation  is  the 
possible  dilution  of  the  blade  population  by  excessive 
categorization.  These  limitations  are  discussed  herein. 

Identification  of  reasons  for  removal,  repair,  and  scrappage 
required  a  simplified  tabulation  of  the  standard  military 
coding  to  handle  the  quantity  of  data.  This  tabulation  is 
discussed  below.  Recognition  of  the  inspection  criterion 
against  which  blades  are  remo  ed  or  scrapped  is  discussed. 

Calculation  of  blade  means  representative  of  blade  operating 
experience  requires  definition  of  these  means  and  develop¬ 
ment  of  appropriate  equations.  These  steps  are  presented 

herein. 
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DESCRIPTION  OF  CH-47  HELICOPTER  ROTOR  SYSTEMS 


CH-47A  Rotor  Systems 

The  CH-47A  helicopter  rotor  system  consists  of  two  rotor 
installations:  one  at  the  forward  end  of  the  aircraft  and 

one  at  the  aft  end,  as  shown  in  Figure  1.  These  installations 
are  similar  but  not  identical.  Each  installation  includes 
three  interchangeable  blade  assemblies  and  a  rotor  head  assem¬ 
bly.  The  helicopter  thus  has  a  total  of  six  blades.  These 
blades  are  not  interchangeable  between  the  two  locations. 

Blade  rotation  direction  is  counterclockwise  for  the  forward 
rotor  and  clockwise  for  the  aft  rotor  (in  a  plan  view)  . 


CH-47B/C  Rotor  Systems 

The  CH-47B/C  rotor  system  is  similar  to  that  of  the  CH-47A. 
However,  the  blades  used  on  these  two  types  of  aircraft  are 
different  and  are  not  interchangeable  between  aircraft. 


DESCRIPTION  OF  CH-47  HELICOPTER  ROTOR  BLADES 
CH-47A  Rotor  Blades 


The  CH-47A  rotor  blade  assembly  as  shown  in  Figure  2  is  a 
symmetrical  airfoil  shape.  It  consists  of  a  D-spar,  an 
attaching  socket,  a  nose  cap  assembly,  a  trailing-edge  strip, 
twelve  boxed  fairings,  tip  balance  provisions,  and  a  faired 
tip  cover.  This  blade  assembly  is  symmetrically  constructed 
about  its  horizontal  centerlines  without  camber. 

The  blade  D-spar  is  of  steel  tubing,  circular  at  the  root 
where  it  is  threaded  to  receive  the  attaching  socket  fitting, 
for  mounting  to  the  rotor  head  assembly. 

The  blade  leading  edge  is  a  formed  stainless-steel  nose  cap 
with  a  balance  weight  assembly  bonded  into  it.  The  leading- 
edge  assembly  is  bonded  to  the  forward  edge  of  the  D-spar. 

Twelve  boxed  fairings,  consisting  of  fiberglass  skins  bonded 
to  airfoil-shaped  aluminum  ribs,  are  bonded  to  the  aft  side 
of  the  D-spar.  The  trailing  edge  is  formed  by  bonding  a 
blade-long  laminated  stainless-steel  strip  into  a  special 
slot  in  the  aft  edge  of  the  boxed  fairings.  Movable  balance 
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FIGURE  2.  CH-47A  ROTOR  BLADE  ASSEMBLY 


and  tracking  weights  are  installed  on  stainless-steel  fit¬ 
tings  riveted  to  the  tip  end  of  the  D-spar.  These  weights 
are  used  to  make  balance  and  tracking  corrections  at  the 
factory.  A  removable  tip  cover  allows  access  to  these  weiqhts. 
A  blade  tie-down  fitting  is  located  at  the  blade  tip  on  the 
bottom  surface. 


CH-47B/C  Rotor  Blades 


The  CH-47B/C  rotor  blade  assembly  as  shown  in  Figure  3  is  a 
nonsymmetrical  cambered  airfoil.  The  blade  assembly  con¬ 
sists  of  a  D-spar,  an  attaching  socket,  a  nose  cap  assembly, 
nine  boxed  fairings,  a  trailing-edge  strip,  tip  balance 
provisions  and  a  simplified  tip  cover.  Construction  of  this 
blade  is  similar  to  the  CH-47A  blades  except  for  the  boxed 
fairings  and  nose  cap  as  shown  in  Figure  3  . 


DATA  EXTRACTION  PROCESS 

A  specific  data  extraction  process  was  developed  and  applied 
to  locate,  extract,  and  describe  CH-47  rotor  blade  discre¬ 
pancies  investigated  for  this  report.  This  was  done  by  the 
use  of  an  alphanumeric  coding  system  capable  of  identifying 
practically  all  important  discrepancies  occurring  to  any 
part  of  the  entire  structure  of  a  CH-47  rotor  blade.  This 
alphanumeric  system  provided  different  codings  for  the 
CH-47A  and  CH-47B/C  blades  to  allow  for  blade  design  diff-'1  - 
ences . 
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BLADE  REMOVALS  ANALYSIS  APPROACH 


Data  Limitations  and  Use 


The  data  included  in  this  report  were  compiled  from  the 
existing  Boeing-Vertol  records  which  have  been  kept  on  rotor 
blades  removed  elsewhere  and  shipped  to  Boeing-Vertol  for 
inspection,  repair  and  scrappage. 

The  removal  dates  of  interest  to  this  blare  removal  study  are 
shown  in  Table  IT.  Note  that  the  time  period  of  interest 
varies  among  the  CH-47A,  B  and  C  model  helicopters. 

The  helicopter  f'ight  time  accumulated  up  to  the  removal  dates 
shown  for  the  CH-47B  and  CH-47C  models  have  been  averaged  to 
provide  a  consistent  basis  for  the  CH-47B/C  analysis,  as  these 
have  not  been  considered  separately. 


Loss  of  Data  Due  to  Unusual  Incidents 


No  data  limitations  were  imposed  due  to  blade  damages  in¬ 
curred  from  unusual  field  experiences.  It  could  have  been 
decided  that  blade  removal  data  derived  from  blade  over¬ 
stress  caused  by  in-air  and  massive  nearby  explosions, 
severe  blade  flapping  due  to  extreme  windstorms,  or  close 
helicopter  over-flights  should  have  been  excluded.  However, 
it  was  felt  that  the  exclusion  of  these  unusual  experiences 
would  provide  a  distorted  view  of  the  complete  in-the-field 
experience;  therefore,  this  data  was  included. 

Examples  of  two  unusual  incidents  which  occurred  in  RVN  and 
which  subjected  a  large  number  of  CH-47  helicopter  blades 
to  severe  damage  beyond  their  design  limits  were: 

1.  Typhoon  Frieda,  in  November  1967 

2.  The  Camp  Evans  ammunition  dump  explosion, 
in  May  196  8 

Fifty  CH-47  rotor  blades  were  involved  in  the  typhoon  in¬ 
cident.  Of  these  fifty  blades,  nine  forward  and  nine  aft 
blades  were  X-ray  diffraction  inspected  at  the  depot  and 
were  accepted  with  return  to  service.  Twelve  forward  and 
twelve  aft  blades  were  X-ray  diffraction  inspected  at  the 
depot,  with  subsequent  rejection  for  scrappage.  The  remain¬ 
ing  eight  blades  were  severely  damaged  and  were  scrapped 
without  further  inspection. 
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Data  does  not  include  aircraft  flight  time  incurred  in 
Germany,  Korea  and  Alaska,  but  does  include  CONUS  and 


The  thirty-three  CH-47A  and  sixty-one  CH-47B  rotor  blades 
that  were  involved  in  the  Camp  Evans  explosion  were  shipped 
to  Boeing-Vertol  for  inspection  and  repair,  as  required. 


Blade  Population  Sizing 

During  this  study,  5,488  blades  were  reviewed  for  removal 
experience.  To  keep  the  analysis  results  at  a  reasonable 
level  of  confidence,  this  blade  population  has  not  been 
diluted  by  a  large  number  of  categories.  It  did  provide 
for  the  separation  of  all  data  into  forward  and  aft  rotor 
blade  data. 

It  was  felt  that  the  different  operational  characteristics 
between  these  two  locations  may  produce  different  effects 
in  the  externally-caused  or  inherent  discrepancies  of  these 
blades.  Since  blade  construction  is  the  same  for  blades 
used  at  both  locations,  then  blade  design  is  eliminated  as 
a  possible  factor  of  any  differences  that  resulted  from 
this  study. 


Determination  of  Reasons  for  Removal 


Reasons  for  blade  removal,  where  blades  are  either  repaired 
or  scrapped,  have  been  organized  into  three  major  groups 
based  strictly  on  blade  discrepancies.  One  group  concerns 
inherent  blade  failures  and  discrepancies,  the  second  con¬ 
cerns  external  causes  of  blade  damage  or  failure,  and  the 
third  concerns  scheduled  reasons  for  blade  removal. 

The  first  group  essentially  includes  those  discrepancies 
associated  with  inadequacy  of  blade  design  to  withstand 
actual  en /ironmental  conditions  encountered  during  field 
operations.  The  second  group  concerns  blade  failure  in¬ 
duced  by  external  influences  as  foreign  object  damage, 
combat, and  the  like.  Included  in  this  group  are  those  blade 
discrepancies  caused  by  errors  due  to  inadequate  shop  or 
field  repairs,  handling,  shipping  or  maintenance.  Also 
included  in  this  group,  for  the  purpose  of  records  only, 
are  those  blades  removed  without  adequate  or  valid  removal 
reasons.  The  latter  group  includes  those  blades  received  at 
the  depot  and  inspected  with  the  result  that  no  damages  of 
the  kind  reported  were  found. 
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This  study  will  be  concerned  with  the  unscheduled  removal 
reasons  as  shown  in  Table  III  and  the  scheduled  removal 
reasons  as  shown  in  Table  IV. 

The  Boeing-Vertol  repair  evaluation  reports  investigated 
in  the  study  followed  the  failure  code  given  by  TM-38-750, 
Reference  (1). 

It  should  be  noted  that  where  blade  damage  cause  was  un¬ 
known  at  the  time  of  removal,  this  removal  analysis  included 
a  close  review  of  all  recorded  discrepancies  for  these  blades 
to  determine  what  discrepancy  would  have  been  the  major  reason 
for  blade  removal  for  repair. 

Appendix  II  shows  the  detail  and  depth  to  which  this  removal 
analysis  was  conducted.  In  particular,  Figures  29,  30  and  31, 
as  well  as  the  accompanying  discussion  within  this  appendix, 
are  of  interest. 
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TABLE  III.  ROTOR  BLADE  UNSCHEDULED  REASONS  FOR 
REMOVAL/SCRAPPAGE 


TYPE  OF 
DISCREPANCY 


Inherent 

Caused 

Discrepancy 


External 

Caused 

Discrepancy 


REASON  FOR  REMOVAL/ 
SCRAPPAGE 


DESCRIPTORS 


Deterior  ation 


Unbond 


Excessive  Vibration 


De lamination 


Fretted 


Imbalance 


Foreign  Object  Damage 
(F.O.D. ) 


Combat  Damage 


Missing 
Bare  Steel 
Eroded 
Rippled 

Water  Migration 


Bulged 
Blistered 
Bond  Void 


Beyond  Tolerance 
Vibration 


Eroded  &  Other 
Worn 


Corroded  fi.  Other 

Peeling 

Chipped 

Stained 

Seized 

Water  Migration 
Pitted 


Creased 

Grazed 

Cracked  &  Other 
Split 


Worn 

Fretted 


Tip  Rod  Loose 
Imbalance 


Dented 

Broken 

Torn 

Punctured 

Scored 

Bent 


Broken 

Scored 

Dented 

Punctured 

Torn 

Spar/Socket  Damage 
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TABLE  III  -  Continued 

TYPE  OF 
DISCREPANCY 

REASONS  FOR  REMOVAL/ 
SCRAPPAGE 

DESCRIPTORS 

Error  Caused 
Discrepancy 


No  Valid 
Remova 1 


Manufacturing/Shipping 
Maintenance/Repair  Shop 
Error  and/inadequate 
Field  Repair 


No  Known  or  Valid 
Reason  for  Removal 


Overstress  &  Other 
Bent 

Collapse 

Torn 

Minor  Damage 


Bent 

Collapse 

Torn 

Minor  Damage 


Human  Error 


No  Known 
Removal  Cause 


Unknown /Misc . 


Miscellaneous 


TABLE 

IV.  ROTOR  BLADE  SCHEDULED 
REM0VAL/SCPAPPA3E 

REASONS  FOR  ! 

TYPE  OF 
DISCREPANCY 

REASON  FOR  REMOVAL/ 
SCRAPPAGE 

DESCRIPTORS 

MWO  Compliance 

MWO 

Time 

Change 

No  defect  -  Blade 

Removed  for  Scheduled 
Maintenance 

Sched.  Maint. 

Retired  Blade 

Retired 

El R  Engineering 

Evaluation 

El  R 

Other 

No  Defect  -  Blade 

Removed  to  Facilitate 
Maintenance  of  Other 
Component (s) 

No  Defect 

Unknown/Misc . 


Miscellaneous 


CH-47A,  B  and  C  Blade  Inspection  Requirements 


The  CH-47  helicopter  blade  inspection  requirements  are  dis¬ 
cussed  below.  These  requirements  are  noted  herein  to  establish 
the  criterion  against  which  blades  have  been  removed  and 
scrapped . 

Field  inspection  for  serviceable  CH-47A  blades  follows  the  mini¬ 
mum  requirements  noted  in  TM  55-1520-209-20-1,  Reference  (2), 
and  for  serviceable  CH-47  B/C  blades  follows  the  minimum 
requirements  noted  in  TM  55-1520-227-20-1,  Reference  (3) .  When 
a  blade  does  not  satisfy  these  conditions,  it  must  be  repaired 
or  replaced,  as  applicable.  For  those  blades  sent  back  for 
depot  rework  and  repair  at  the  manufacturer's  facility,  the 
requirements  of  TM  55-1520-209-35-2  for  the  CH-47A  blades. 
Reference  (4),  and  of  TM  55-1520-227-35-3  for  the  CH-47B  and 
CH-47C  blades,  Reference  (5),  are  followed.  Partial  or  full 
teardown  of  20%  to  30%  of  the  blades  sent  to  the  depot  will 
occur.  These  teardowns  will  assure  a  complete  determination 
of  the  extent  of  blade  damage  or  deterioration. 


Blade  Identification  -  Overhaul  and  Retirement  Data 


Blade  identification  by  dash  number,  overhaul  time  (hours), 
and  blade  retirement  time  (hours)  for  CH-47A  rotor  blades 
are  shown  in  Table  V. 

Blade  identification  by  dash  number,  blade  overhaul  time, 
and  blade  retirement  time  in  blade  hours  for  CH-47  B/C 
rotor  blades  are  shown  in  Table  VI. 

Data  for  Table  V  has  been  derived  from  TM  55-1520-209-20-1  , 
Reference  (6),  and  data  for  Table  II  from  TM  5  5-1520-227-20-1, 
Reference  (7)  . 
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TABLE  V.  CH-47A  BLADE  OVERHAUL  AND 
RETIREMENT  HOURS  DATA 


COMPONENT 

PART  NUMBER 

RETIREMENT 

INTERVAL  (BLADE  HRS.) 

Forward  Rotor  Blades 

114R1002-27 

3600 

Aft  Rotor  Blades 

114R1002 -28 
thru  -78 

2400 

114R1002-80 
thru  -92 

2400 

TABLE  VI.  CH-47B/C  BLADE  OVERHAUL  AND 
RETIREMENT  HOURS  DATA 


Aft 

Rotor 

Blades 


114R1502-10 
114R1502-14 
114R1502-16 
114R1502-18 
114R1502-24 
114 R1 502-26 
114R1502-28 
114R1502-30 
114 R1 502-32 
114R1502-34 


OVERHAUL  INTERVAL 
(BLADE  HRS.) 


COMPONENT 

PART  NUMBER 

CH-47B 

Forward 

114R1502-9 

3600 

3600 

Rotor 

114R1502-13 

3600 

3600 

Blades 

114R1502-15 

3600 

3600 

114R1502-17 

3600 

3600 

114R1502-23 

3600 

3600 

114R1502-25 

O/C 

O/C 

114R1502-27 

3600 

3600 

114R1502-29 

3600 

3600 

114R1502-31 

3600 

3600 

114R1502- 33 

O/C 

O/C 

.500 

.500 

.500 

.500 

.500 

>/C 

.500 

1500 

1500 

O/C 


RETIREMENT 
CH-47C  I  INTERVAL 
T55-L-11  (BLADE  HRS. 


4000 


*  -  Not  installed  in  helicopter  noted 

O/C  -  On  condition  removal,  see  References  (2)  and  (6) 


16 


Reasons  for  Removal  Versus  Frequency  by  Blade  Removal 


It  is  of  primary  interest  to  determine  the  quantity  of  blades 
removed  for  various  reasons.  This  determination  will  establish 
a  firm  basis  for  the  subsequent  calculation  of  blade  means. 

This  determination  took  two  forms:  one,  a  tabulation  of  the 
discrepancies  and  quantities  based  upon  the  reasons  for 
removal,  and  second,  a  graphical  display  of  the  same  informa¬ 
tion  for  better  understanding  of  the  distributions  found. 


Calculation  of  Means 


In  this  study,  the  calculation  of  certain  means  representa¬ 
tive  of  blade  operating  experience  includes  the  determina¬ 
tion  of  mean-time-between-removals,  mean-time-to-removals , 
and  mean-time-between-unscheduled  removals.  Since  nearly 
all  of  the  same  blade  removal  data  is  used  to  derive  these 
various  means  and  their  derivations  are  similar,  the  deriva¬ 
tion  of  only  two  of  these  will  be  discussed  in  detail.  It 
should  be  noted  here  that  blades  removed  for  repair  and 
scrappage  are  both  included. 

(1)  Calculation  of  MTBR  values. 

The  mean-time-between-removals  (MTBR)  for  either 
the  forward  or  aft  rotor  blades  was  calculated  as 
three  times  the  sum  of  all  CH-47A  or  CH-47B/C 
helicopter  operating  flight  hours  accumulated  over 
a  selected  time  period  divided  by  the  total  quantity 
of  forward  or  aft  blades  removed  for  all  causes  over 
that  time  period  of  interest.  Three  times  the  sum 
of  all  helicopter  flight  hours  is  required  as  the 
CH-47  helicopter  uses  three-bladed  rotors. 
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Thus,  for  the  forward  blades, 

N 


n 

where  N  =  Total  quantity  of  helicopters  involved 

tj  =  Flight  hours  per  helicopter 

n  =  Total  quantity  of  forward  blades 
removed 

Calculation  of  the  MTBR  for  the  aft  blades  was 
accomplished  similarly. 

(2)  Calculation  of  MTTR  values 

The  mean- time -to -removal  (MTTR)  was  calculated 
by  obtaining  each  removed  blade's  operating  time 
(in  hours)  accumulated  up  to  blade  removal  and 
dividing  by  the  quantity  of  forward  or  aft  blades 
concerned. 

Thus,  for  the  forward  blades, 

N 


MTTRp 


n 


where  n  =  Total  quantity  of  forward  rotor 
blades  removed  for  reason 

ti  =  Total  time  in  blade  flight  hours 
per  blade  at  removal 

Calculation  of  the  MTTR  for  the  aft  blades  was 
accomplished  similarly. 
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(3)  Calculation  of  MTBUR  values 


The  calculation  of  mean-time-to-unscheduled  removal 
(MTBUR)  was  accomplished  similarly  to  the  calcula¬ 
tion  for  MTBR  discussed  above,  except  that  blades 
removed  for  scheduled  reasons  were  excluded  from 
the  sample  of  either  forward  or  aft  rotor  blades. 

(4)  Calculation  of  Means  Example 

To  explain  the  derivation  used  to  obtain  the  values 
shown  in  the  subsequent  means  tabulations  in  this 
report,  the  following  example  is  provided. 

Per  Table  XI,  page  34,  the  mean-time-between-removals 
of  the  forward  rotor  blade  (MTBRp)  for  inherent  dis¬ 
crepancies  was  derived  as: 


MTBRp  =  3  (341  X  1906  -  650,206.7)  =  2,860  Hr 

682 

where  3  is  the  quantity  of  rotor  blades  on  the 
forward  rotor,  341  is  the  quantity  of  helicopters 
involved  in  the  operational  area  and  time  period 
being  considered  (refer  to  Table  II,  page  10), 

1,906.7  is  the  average  flight  time  in  hours  per 
helicopter,  650,206  is  the  resultant  helicopter 
flight  time  accumulated,  and  682  is  the  quantity  of 
forward  blades  removed  for  inherent  discrepancies. 

Determination  of  Discrepancy  Locations  Versus  Types  of 
Discrepancies 

This  calculation  was  primarily  concerned  with  the  frequency 
of  discrepancies  or  damages  accumulated  for  particular  blade 
samples  and  for  various  major  areas  and  components  of  these 
blades.  Both  upper  and  lower  surfaces  of  these  blades  were 
shown  in  the  same  chart.  Forward  and  aft  rotor  blades  were 
considered  on  separate  charts.  The  discrepancy  locations  for 
blades  that  were  scrapped  for  reasons  found  after  removal  have 
been  discussed  in  the  scrappage  analysis  section. 

Results  of  this  analysis  were  tabulated  for  the  various  areas 
as  percentages  of  the  total  blade  experience. 
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BLADE  SCRAP PAGE  ANALYSIS  APPROACH 


Data  Limitation  and  Use 


Data  included  in  this  portion  of  the  report  was  derived  from 
the  same  sources  as  that  used  for  the  blade  removal  study. 

Primarily,  the  scrappage  analyses  differ  from  the  removal 
analyses  in  that  the  reasons  for  scrappage  are  used  as  a 
basis  for  calculation. 

The  time  period  of  interest  is  shown  by  Table  II,  page  10. 


Determination  of  Reasons  for  Scrappage 

Reasons  for  blade  scrappage,  in  general,  have  the  same  scope 
as  those  for  removal  as  listed  in  Tables  III,  page  13,  and 
IV,  page  14. 


Calculation  of  Means 

Only  one  set  of  estimated  scrapped  blade  means  is  provided, 
since  the  scrapped  blades  are  thoroughly  investigated  as  a 
part  of  the  removal  analysis.  This  one  set  of  means  provided 
is  that  of  mean-time-between-scrappage . 

The  calculation  of  the  mean-time-between-scrappage  (MTBS) 
applies  only  to  those  blades  removed  and  eventually  scrapped, 
whether  the  reason  for  scrappage  was  known  beforehand  or  was 
determined  after  further  blade  inspection  and/or  blade  tear- 
down. 

The  calculation  was  accomplished  similar  to  that  for  the  MTBR 
as  noted  above,  except  that  only  scrapped  blades  were  included 
for  forward  and  aft  rotors. 
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ANALYSES 


CH--47  BLADE  REMOVALS  ANALYSES 

The  analyses  presented  herein  follow  the  approaches  dis¬ 
cussed  in  the  preceding  section  of  the  report.  These 
analyses  are  grouped  in  chronological  order  of  blade 
development  and  deployment: 

1.  CH-47A  Forward  and  Aft  Blades 

2.  CH-47B/C  Forward  and  Aft  Blades 
Each  group  provides  the  following  analyses: 

a.  Major  percentage  of  blade  removals 

b.  Frequency  of  blade  removal  vs. 
removal  reasons 

c.  Mean-Time-Between-Removal 

d.  Mean-Time-To- Removal 

e .  Mean-Time-Between-Unscheduled-Removal 

Comparisons  of  the  results  of  these  analyses  for  forward 
and  aft  blades  and  the  means  are  provided. 

Table  VII  provides  a  review  of  the  number  of  all  blades  that 
have  been  investigated  for  removals,  repairs  and  scrappage. 
The  actual  accumulated  flight  time  at  removal  of  these  blades 
and  the  equivalent  time  on  the  aircraft  is  given  for  compari¬ 
son. 

Note  that  the  number  of  scrapped  blades  reviewed  are  included 
here  for  comparison. 
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CH-47A  Forward  and  Aft  Blades  Removal  Analysis 

The  removal  status  of  4,475  blades  was  reviewed;  2,126  of 
these  were  forward  blades  and  2,349  were  aft  blades. 

Table  VIII  summarizes  the  removal  status  for  the  most  fre¬ 
quently  occurring  causes  of  removal  for  the  forward  blades. 
Table  IX  summarizes  similar  information  for  the  aft  blades. 

Figures  4,  5  and  6  illustrate  the  quantity  of  forward  blades 
removed  for  the  reasons  under  study.  Figures  7,  8  and  9 
illustrate  the  quantity  of  aft  blades  removed  for  similar 
reasons.  Note  that  scrapped  blade  quantities  are  identified. 
In  these  figures  the  reason  for  removal  of  a  blade  that  is 
scrapped  is  used,  not  the  reason  for  scrappage  unless  they 
coincide . 

A  summary  of  the  percentages  of  CH-47A  forward  and  aft  blade 
removals  versus  reasons  for  removal  is  presented  in  Table  X, 
page  32.  For  a  comparison  to  percentages  of  CH-47R/C 
forward  and  aft  blade  removals,  see  Table  XX  on  page  55. 
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TABLE  IX.  PERCENTAGES  OF  AFT  BLADE  REMOVALS  -  CH-47A 
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Total  aft  blade  removals  equals  1,855  +  494  =  2,349. 


ISTR1BUTION  PERCENTAGES 


I  Combat  Damage  |  overstress  [Crashes/  I  I  I  I 
Strikes 

REASONS  FOR  FORWARD  BIADE  REMOVAL 

FIGURE  5.  EXTERNAL  DISCREPANCY  REMOVALS  -  FORWARD  BIADES  -  CH-47A 


ED  REMOVAL  REASON 

FIGURE  6.  SCHEDULED  REMOVALS  -  FORWARD  BIADES  -  CH-47A 
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FIGURE  8.  EXTERNAL  DISCREPANCY  REMOVALS  -  AFT  BLADES  -  CH-47A 


TABLE  X.  SUMMARY  OF  PERCENTAGES  OF  REMOVALS  -  CH-47A 
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CH-47A  Forward  and  Aft  Blades  Means  Analyses 

A  series  of  evaluations  of  the  CH-47A  rotor  blades  for  their 
average  removal  characteristics  based  upon  frequency  of  blade 
removal  was  accomplished.  These  calculations  of  the  various 
removal  means  followed  the  approach  outlined  on  pages  20 
and  21.  Results  are  given  in  blade  hours. 

Tables  XI/  XII,  and  XIII  list  the  means  determined  for  the 
major  discrepant  reasons  for  removal  of  CH-47A  forward  rotor 
blades. 

Tables  XIV,  XV,  and  XVI  list  similar  determinations  accom¬ 
plished  for  tho  CH-47A  aft  rotor  blades. 

Table  XVII  presents  a  suirmary  of  the  results  of  these  analyses 
for  both  CH-47A  forward  and  aft  blades. 
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Discrepancy  Locations  Versus  Types  of  Discrepancies 

Data  included  herein  has  been  based  upon  'Reasons  for 
Remova 1 '  only. 

This  investigation  simplified  the  amount  of  data  handled  by 
confining  the  results  to  discrepancy  locations  versus 
types  of  inherent  discrepancies  and  to  externally-caused 
discrepancies  only. 

Figures  10  and  11  illustrate  the  results  obtained  for  the 
CH-47A  forward  blades.  Figures  12  and  13  illustrate 
similar  results  obtained  for  the  CH-47A  aft  blades. 


41 


LEADING-EDGE  SECTION 


FIGURE  10. INHERENT  DISCREPANCY  LOCATIONS  -  FORWARD  BLADES  -  CH-47A 


FIGURE  11.  EXTERNAL  DISCREPANCY  LOCATIONS  -  FORWARD  BLADES  -  CH-47A 


FIGURE  12.  INHERENT  DISCREPANCY  LOCATIONS  -  AFT  BLADES  -  CH-47A 


LEADING  EDGE  SECTION 


FIGURE  13.  EXTERNAL  DISCREPANCY  LOCATIONS  -  AFT  BIADES  -  CH-47A 


CH-47B/C  Forward  and  Aft  Blades  Removal  Analys i s 

The  removal  status  of  1,013  rotor  blades  was  reviewed,  512 
of  which  were  forward  blades  and  501  were  aft  blades. 

Table  XVIII  summarizes  the  remova]  status  for  the  most  fre¬ 
quently  occurring  causes  of  removal  of  the  forward  blades. 
Table  XIX  summarizes  similar  information  for  the  aft  blades. 

Figures  14,  15  and  16  illustrate  the  quantity  of  forward 
blades  removed  for  the  reasons  under  study.  Figures  17, 

18,  and  19  illustrate  the  quantity  of  aft  blades  removed  for 
similar  reasons.  Note  that  scrapped  blade  quantities  are 
identified.  In  these  figures  the  reason  tor  removal  of  a 
blade  that  is  scrapped  is  used,  not  the  reason  for  scrap- 
page  unless  they  coincide. 

A  summary  of  the  percentages  of  CH-47B/C  forward  and  aft 
blade  removals  versus  reasons  for  removal  is  presented  in 
Table  XX,  on  page  55/  for  a  comparison  to  the  percentages 
of  CH-47A  forward  and  aft  blade  removals,  see  Table  X, 
page  32. 
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TABLE  XVIII.  PERCENTAGES  OF  FORWARD  BLADE  REMOVALS  -  CH-47B/C 
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TABLE  XIX.  PERCENTAGES  OF  AFT  BLADE  REMOVALS  -  CH-47B/C 
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FIGURE  14.  INHERE  ITT  DMCAB  FANCY -CAUSED  REMOVALS  -  FORWARD  BLADES  -  CH-47  B/C 


REMOVAL  REASON 


•  r  t*  „• 


FIGURE  17.  INHERENT  DISCREPANCY-CAUSED  REMOVALS  -  AFT  BLADES  -  CH-47  B/C 
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Upon  A  Total  of  501  Aft  Blades 


CH-47B/C  Forward  and  Aft  Blades  Means  Analysis 


A  series  of  evaluations  of  the  CH-47B/C  rotor  blades  for 
their  average  removal  characteristics  as  based  upon  frequency 
of  blade  removal  was  accomplished.  These  calculations  of 
the  various  removal  means  followed  the  approach  outlined 
on  pages  20  and  21.  Results  are  given  in  blade  hours. 

Tables  XXI,  XXII  and  XXIII  list  the  means  determined  for 
the  major  discrepant  reasons  for  removal  of  the  CH-47B/C 
forward  rotor  blades.  Tables  XXIV,  XXV  and  XXVI  list 
similar  determinations  accomplished  for  the  CH-47B/C 
aft  rotor  blades. 

Table  XXVII  presents  a  summary  of  the  results  of  these  analyses 
for  both  CH-47B/C  forward  and  aft  blades.  This  summary  may 
be  compared  to  the  CH-47A  blade  summary  shown  by  Table  XVII , 
on  page  40. 
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rndling  error  including  inadequate  field  repai 


ntenance/hand 1 ing  error  includ 


Discrepancy  Locations  Versus  Types  of  Discrepancies 

Data  included  herein  has  been  based  upon  'Reasons  for  Removal' 
on  ly . 

This  investigation  simplified  the  amount  of  data  handled  by 
confining  the  results  to  major  discrepancy  locations  versus 
types  of  inherent  discrepancies  and  to  externally-caused 
discrepancies  only. 

Figures  20  and  21  demonstrate  the  results  of  analyses  for 
inherent  and  externally-caused  discrepancies  of  the 
forward  blades. 

Figures  22  and  23  demonstrate  the  results  of  analyses  for 
inherent  and  externally-caused  discrepancies  of  the  aft 
blades . 
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LEADING  EDGE  SECTION 


FIGURE  21.  EXTERNALLY-CAUSED  DISCREPANCY  LOCATIONS  -  FORWAFD  BLADES  -  CH-47  E/C 


LEADING  EDGE  SECTION 


FIGURE  22.  INHEPENT  DISCREPANCY  LOCATIONS  -  AFT  BLADES  -  CH-47  B/C 


LEADING  EDGE  SECTION 


EXTERNALLY- CAUSED  DISCREPANCY  LOCATIONS  -  AFT  BLADES  -  CH-4  7B/C 


Manuf actur 1 ng/sh ipping/hand 1 ing  error  including  inadequate  field  repair 


Manufactur  ing/shipping/handl  ing  error  including  inadequate  field  repair 
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CH-47  BLADE  SCRAP PAGE  ANALYSES 

This  section  of  the  report  includes  analyses  of  the  scrappage 
of  the  forward  and  aft  rotor  blades  for  both  CH-47A  and 
CH-47B/C  helicopters. 

Analyses  concern  the  following: 

a.  Major  percentages  of  blades  scrapped 

b.  Quantity  of  blades  scrapped  vs.  actual 
reasons  for  scrappage 

c.  Blade  teardown  experience 

d.  Mean-Time- to-Scrappage 

The  following  helicopter  blade  scrappage  analyses  have  been 
based  upon  the  known  reasons  for  blade  scrappage,  not  upon 
reasons  for  blade  removal.  Certain  blades  were  removed  for 
reasons  other  than  any  known  spar  damage  in  the  field  and 
returned  for  inspection  and  overhaul.  Subsequent  repair 
action  uncovered  spar  damage.  However,  other  blades  were 
scrapped,  either  in  the  field  or  immediately  upon  return 
inspection  without  any  rework  action  attempted.  In  these 
cases  where  the  reason  for  scrappage  was  not  given  in 
Boeing-Vertol  records,  the  reason  for  blade  removal  was 
used  as  the  scrappage  reason.  It  may  be  assumed  that 
reasons  for  removal  may  be  a  good  indicator  of  the  reasons 
for  scrappage  of  blades  in  the  field.  Field  scrappage  reasons 
and  data  are  not  accessible  to  Boeing-Vertol  except  through 
Field  Service  Representative  reports. 

Tables  XXVIII  and  XXIX  summarize  the  scrapped  blade  status  for 
the  most  frequently  occurring  causes  for  scrappage. 

Table  XXVIII  concerns  the  forward  blades  and  Table  XXIX 
concerns  the  aft  blades. 

Table  XXX,  page  77,  summarizes  the  percentages  of  blade  scrap- 
page  for  CH-47A  and  CH-47B/C  forward  and  aft  blades  in  terms 
of  reasons  for  blade  scrappage. 
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S  OF  FORWARD  BLADE  SCRAPPAGE  -  CH-47A  AND  CH-47B/C 
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Based  upon  687  CH-47A  forward  and  aft  scrapped  blades.  See  Table  XXVIII. 
Based  upon  126  CH-47  B/C  forward  and  aft  scrapped  blades.  See  Table  XXVIII 


The  distribution  of  the  percentage  of  CH-47B/C  forward  and 
aft  rotor  blades  that  have  been  scrapped  for  known  causes, 
either  internal  or  external,  is  shown  in  Figures  24,  25,  26 
and  27. 

Prior  to  a  decision  as  to  the  extent  of  blade  damage  (includ¬ 
ing  spar  damage) ,  the  blades  may  require  either  a  partial  or 
a  complete  teardown  during  their  repair  in  Boeing-Vertol 
shops.  A  partial  teardown  consists  of  the  replacement  of  all 
blade  boxes,  the  trailing  edge  and  the  trim  tab.  The  complete 
teardown  consists  of  the  replacement  of  all  the  blade  boxes, 
the  trailing  edge,  the  trim  tab,  and  the  nose  cap,  plus 
any  miscellaneous  parts,  as  required.  Figure  28  has  been 
provided  to  indicate  the  quantity  of  bladeu  that  required 
either  partial  or  complete  teardown  versus  those  blades 
found  unsatisfactory  as  a  result  of  teardown  and  therefore 
scrapped. 

Calculation  results  of  mean-time-between-scrappage  of 
forward  and  aft  blades  for  the  CH-47A  blades  are  shown  in 
Table  XXXI  and  for  the  CH-47B/C  in  Table  XXXII.  Table  XXXIII 
summarizes  all  scrapped  blade  means. 
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REAS  QMS  FOR  1H D  BIADI  SC BARRAGE 

FIGURE  24o  SCRAPMfcGE  -  FORWARD  BIADES  -  CH-47A 
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REASONS  FOR  FWD  BIADE  SCRAPPAGE 

FIGURE  26.  SCRAPPAGE  -  FORWARD  BLADES  -  CH-47B/C. 
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Scheduled  Removal 


FIGURE  28.  BLADE  TEARDOWN  EXPERIENCE. 


TABLE  XXXI.  MEAN-TIME-BETWEEN-SCRAPPAGE  -  FORWARD  AND  AFT  SCRAPPED  BLADES  -  CH-47A 


nq  Matvjfactunnq/Shippinq/Maintenance  or  Field  Repair 
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COST  ANALYSIS 


A  comparison  of  the  CH-47  rotor  blade  acquisition  cost  and 
the  average  cost  of  repaired/reworked  rotor  blades  was  made. 
Included  in  the  total  average  cost  of  the  repaired/reworked 
blades  is  a  $40.00  transportation  cost  to  and  from 
New  Cumberland  Army  Depot  (NCAD)  . 

Table  XXXVI  of  Appendix  I  identifies  the  various  CH-47A 
(114R1002)  and  CH-47B/C  (114R1502)  blades  by  part  number 
and  location.  The  table  shows  a  selected  quantity  of 
blades,  transportation  costs  to  and  from  NCAD,  the  average 
repair/rework  costs  per  blade,  and  the  acquisition  costs  per 
blade. 

The  cost  comparison  of  the  repair/rework  average  costs  per 
blade  versus  the  acquisition  cost  of  a  new  blade  is  given 
by  this  table  in  percentages. 
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CONCLUSIONS  AND  RECOMMK N DAT IONS 


Removal  summaries  for  all  CH-47A  blades  are  given  by 
Table  XXXIV  and  for  all  CH-47  B/C  blades  by  Table  XXXV.  As  a 
result  of  review  of  these  tables  and  the  entire  study,  the 
following  conclusions  and  recommendations  are  made: 

1.  Existing  field  repair  techniques,  criteria  and/or 
practices  for  bonded  rotor  blades  may  be  inadequate. 
The  detailed  data  used  for  this  study  can  be  utilized 
to  determine  where  the  inadequacies  occur.  Recom¬ 
mendations  for  cost-effective  improvements  to 
repair  techniques,  equipment,  procedures  and  per¬ 
sonnel  training  can  be  made  on  the  basis  of  these 

de terminations . 

2.  Trend  curves  showing  the  rate  of  improvement  of 
mean-time  parameters  for  early  CH-47A  blades  through 
the  latest  CH-47B/C  blades  can  be  derived  from  the 
data  bank  used  for  this  study.  Design  recommenda¬ 
tions  based  on  information  extracted  and  analyzed 
from  the  present  data  bank  could  lead  to  improved 
blade  configurations. 

3.  This  analysis  indicates  that  returned  blades  in¬ 
tended  for  repair/overhaul  are  being  retired  or 
scrapped  at  periods  somewhat  less  than  published 
life  limits.  This  requires  a  consideration  of 
acquisition  costs  in  comparison  to  repair  costs 
and  the  life  remaining  in  the  blade.  However,  at 
present,  a  definitive  cost/break-even  scale  is  not 
available  to  guide  this  early  retirement  practice. 
Data  extracted  for  this  study  can  be  utilized  to 
develop  an  optimum  life  limit/ repair  costs  scale 
for  aiding  the  decision  to  retire  late-life  blades. 

4.  The  quantity  of  blades  needed  to  provide  a  repre¬ 
sentative  sample  for  meaningful  analyses  is 
presently  unknown.  The  CH-47A  blade  data  should 
be  analyzed  in  smaller  groups  by  manufacturing 
date  and  compared  to  the  total  results  to  determine 
the  number  required  for  a  representative  sample. 

The  CH-47B/C  blade  analysis  should  be  continued 
until  a  representative  sample  is  completed. 

5.  To  provide  a  calendar  year  analysis  of  blade  dis¬ 
crepancies,  the  present  data  should  be  related  to 
blade  manufacturing  and  repair  dates  and  a  yearly 
updating  of  the  overhaul/repair  data  should  be 
performed . 
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APPENDI X  I 
COST  ANALYSIS 


The  objective  of  this  cost  analysis  was  to  analyze  the 
aircraft  support  costs  for  rotor  blades  to  determine  the 
average  comparative  costs  of  new  versus  repair/rework 
blades. 

Table  XXXVI  is  provided  to  indicate  results  of  this  analysis. 
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TABLE  XXXVI.  COST  COMPARISON  -  CH-47  NEW  VS.  REPAIR/REWORK  BLADES 
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APPENDIX  II 

DATA  EXTRACTION  PROCESS 


A  data  extraction  procedure  was  developed  and  applied  to 
locate,  extract  and  describe  CH-47  rotor  blade  discrepancies 
investigated  for  the  purposes  of  this  report.  This  was  done 
by  using  an  alphanumeric  coding  system,  expanded  to  accommo¬ 
date  identification  of  discrepanc.es  within  the  entire  struc¬ 
ture  of  the  CH-47  rotor  blade.  This  alphanumeric  system 
provides  different  codings  for  the  CH-47A  and  CH-47B/C  blades 

Each  rotor  blade  returned  to  Vertol  for  repair  is  treated 
as  if  it  were  appearing  in  the  overhaul  system  for  the  first 
time.  A  thorough  inspection  of  the  blade  is  made  by  the 
Quality  Assurance  Department.  The  results  of  this  inspec¬ 
tion,  including  follow-up  inspection,  are  recorded  on  a 
Boeing-Vertol  Inspection  Report  throughout  the  repair/ 
overhaul  process.  Each  rotor  blade  assembly  upon  receipt 
at  Boeing-Vertol  is  usually  accompanied  by  a  Form  DA-2410 
originated  and  completed  per  Army  Equipment  Record  Procedures 
TM  38-750,  Reference  (8)/ by  the  using  activity.  This  form 
will  contain  blade  historical  data.  An  internally  originated 
SAV-HQ  Form  391  (Component  Disassembly  Evaluation  Summary)  is 
also  completed  for  contract  purposes.  Accuracy  of  subsequent 
data  analysis  is  dependent  upon  the  accuracy  of  these 
documents,  as  well  as  the  experience  of  the  reviewer  of  these 
forms . 

The  data  extraction  record  devised  for  this  study  is 
comprised  of  three  sheets  containing  historical  data  and 
primary  and  secondary  discrepancy  areas  of  interest  under 
investigation.  The  sample  forms  shown  are  typical  of 
analysis  of  CH-47A  blades.  Figure  29  contains  historical 
and  chronological  data  obtained  and/or  derived  from 
SAV-HQ  Form  391  and  Form  DA-2410.  Figures  30  and  31 
identify  major  and  minor  discrepancy  areas  in  respect  to 
the  blade  structure.  Boeing-Vertol  part  numbers  are  included 
for  identification  purposes.  Thus,  a  considerable  amount 
of  practical  information  concerning  the  effect  of  design, 
manufacture  and  operational  experience  of  each  rotor  blade 
in  the  field  is  extracted  in  a  readily  available  form. 

Figures  33  through  40  demonstrate  the  alphanumeric  coding 
system  for  the  CH-47A  blades.  A  similar  system  was 
developed  and  employed  for  the  CH-47B/C  blades. 


A  concise  description  of  the  construction  of  the  data  record¬ 
ing  sheets,  Figures  29,  30  and  31,  is  given  below  to  iLlustrate 
the  depth  of  the  data  extraction  process.  Starting  with 
Sheet  1  of  the  3-sheet  Data  Extraction  Record  (Figure  29), 
the  headings  are  largely  self-explanatory,  but  the;  following 
is  provided  to  indicate  consistency  of  data  interpretation: 

1.  Item  No.  -  Necessary  only  for  arithmetical  continuity 
and  identification  of  the  blade  beinq  analyzed. 

2.  Serial  No.  -  Serial  number  of  blade  being  analyzed. 

A-l  indicates  blades  located  on  forward  rotor  head. 

A-2  indicates  blades  located  on  aft  rotor  head. 

3.  Dash  No.  -  Indicates  changes  to  basic  configuration 
of  blade  at  arrival  (I)  and  when  shipped  out  of 
Boeing-Vertol  repair/overhaul  activity  (0) . 

4.  TT  -  Total  flight  time  on  blade  upon  arrival  at 
Boeing-Vertol.  Time  is  obtained  from  DA-2410 
and/or  SAV-HQ  Form  391  or  Boeing  Inspection  Report. 

The  DA-2410  form  from  the  User  Activity  is  the 
primary  source  of  this  information. 

5.  TSLR  -  Time  since  last  repair  which  is  determined 
from  blade  historical  records  and/or  noted  on 
DA-2410.  Since  each  blade  is  considered  new  when 
shipped  to  Customer  after  repair/overhaul,  this 
can  be  considered  flight  time  since  last  repair. 

6.  Previous  Repairs  -  Number  of  times  blade  has  been 
repaired/overhauled  at  Boeing-Vertol  before. 

7.  Life  Limit  -  Total  number  of  hours  blade  may  be 
used  under  normal  operating  conditions  without 
spar  overstress  condition.  Appears  in  overhaul 
and  retirement  schedule  of  TM  55-1520-227-20-1 
(Reference  6)  for  CH-47B/C  blades.  The  life  limit 
is  fixed  at  2400  for  the  aft  CH-47A  blades  and 
3600  for  the  forward  C1I-4  7A  blades. 

8.  Date  Received  -  Julian  date  blade  is  received  at 
repair/overhaul  facility. 

9.  Failure  Code  -  Major  discrepancy  noted  on  DA-2410. 

Should  the  failure  cause  noted  on  DA-2410  be 
inconsistent  with  results  of  inspection  as  noted 
in  Inspection  Report,  the  obvious  cause  of 
failure  should  be  noted  under  remarks. 
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FIGURE  29.  DATA  EXTRACTION  RECORD  -  SHT.  1  -  CH-47A 


10.  Model  A/C  -  A,  B  or  C  aircraft,  as  applicable. 


11.  Remarks  -  Major  discrepancies  ,  dispositions,  or 
actions  taken  during  repair  or  overhaul  should  be 
noted.  Notations  such  as  scrap,  complete  teardown , 
partial  teardown,  1BO  Sample,  L1K  Sample  .including 
number,  are  included.  If  the  blade  has  been  shipped 
to  the  Customer,  an  fB  is  placed  in  the  remarks 
column.  If  a  Boroscope  inspection  has  been  completed, 
a  0  is  placed  in  the  remarks  column. 

Sheet  2  of  the  Bata  Extraction  Record  (Figure  30)  and  Sheet  3 
(Figure  31)  provided  column  headings  in  teims  of  the  various 
blade  major  assemblies  and/oi  subassemblies.  Physical  and/or 
environmental  damage  to  the  blade  surfaces  and  structure  as 
described  in  the  Inspection  Report  was  analyzed  in  respect 
to  the  primary  discrepancy  which  resulted  in  blade  rework 
and/or  scrappage.  Codings  which  were  used  aro  described 
below: 

1.  A  major  discrepancy  which  resulted  in  scrappage 
of  a  part  or  parts  and  which  was  also  the  cause 
of  blade  removal  from  the  aircraft,  was  denoted 
by  placing  a  l0f  in  the  upper  left-hand  corner 
of  the  appropriate  line  for  that  blade.  Several 
examples  are  shown  in  Figure  30.  Subsequent 
discrepancies  also  affecting  that  part  are  noted 
in  the  same  column  beneath  the  fdrst  entry. 

2.  A  major  discrepancy  which  was  considered  the  primary 
reason  for  blade  scrappage,  Lut  not  the  blade 
removal  reason,  was  denoted  by  placing  a  ’  .1 1  similar 
to  point  1  above.  Subsequent  discrepancies  are 
noted  below  this  entry. 

3.  A  major  discrepancy  which  required  rework  or  over¬ 
haul  of  a  part  or  parts  and  which  was  determined 
as  the  blade  removal  cause  was  denoted  by  placing 
a  '(Tf  in  the  upper  left-narul  corner  of  the  appro¬ 
priate  line  for  that  blade.  Subsequent  dis¬ 
crepancies  are  noted  below  this  entry. 
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4.  Major  blade  discrepancies  were  plotted  generally  in 
grid  form  against  blade  locations  as  shown  by 
Figures  32  through  40.  Different  numbers  art.'  em¬ 
ployed  for  each  different  blade  location  and  parti¬ 
cular  discrepancy.  In  those  cases  where  the  locating 
grid  was  inadequate  to  describe  location,  an  alpha¬ 
betical  prefix  was  added  to  the  location  number. 

Alpha  prefixes  used  were  'T1  for  top  of  blade, 

'B'  for  bottom  of  blade,  'L'  for  leading  edge, 

'I1  for  spar  interior,  etc. 

5.  Discrepancies  of  secondary  importance  were  described 
by  use  of  a  simple  alphanumeric  code  which  is  part 
of  the  Boeing/Vertol  CH-47  Overhaul  Data  Fact  Sheet. 
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FIGURE  32.  ALPHANUMERIC  CODE  -  SHT .  1  -  CH-47A 


FIGURE  33.  ALPHANUMERIC  CODE  -  SHT.  2  -  CH-47A 


FIGURE  35.  ALPHANUMERIC  CODE  -  SHT.  4  -  CH-47A. 


FIGURE  36.  ALPHANUMERIC  CODE  -  SHT.  5  -  CH-47A 


FIGURE  37.  ALPHANUMERIC  CODE  -  SHT.  6  -  CH-47A 


FIGURE  38.  ALPHANUMERIC  CODE  -  SHT.  7  -  CH-47A 
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FIGURE  39.  ALPHANUMERIC  CODE  -  SHT.  8  -  CH-47A 


104 


FIGURE  40.  ALPHANUMERIC  CODE  -  SHT.  9  -  CH-4  7A. 


